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(57)Abstract: 

PROBLEM TO BE SOLVED: To solve the problem, even if high- 
frequency power is applied to a plurality of linear electrodes in a 
reaction container, while controlling the phase thereof it is difficult 
to reduce the ununiformity of electric field strength due to standing 
waves generated on the electrodes and it is insufficient to produce 
uniform plasma. 

SOLUTION: In a plasma processing apparatus, having a plurality of 

small electrodes arranged nearly in the same plane, when high rtr^y. 

frequency powers of different frequencies are applied to the Z^^^^-' '-^iJ *^ 

electrodes adjacent to each other, the combination of the electric ^i^?-.^*'^-!^ ^"^X^^^ ~'' 
field strengths generated by respective electrodes can provide 
electric field strength which is uniform over a large area to improve 
film thickness distribution and etching speed distribution. 
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* NOTICES * 




JPO and NCXPl are not responsible £or any 
damages caused by the use of this trcmslation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Plasma treatment equipment characterized by having two or more small electrodes made to generate 
the plasma between the processed member arrangement section and this processed member arrangement 
section, and having the RF generator which impresses the high-frequency power of a frequency which is 
different in said two or more small electrodes. 

[Claim 2] Plasma treatment equipment according to claim 1 characterized by having an RF generator for said 
every small electrode, and having the output-control means of this RF generator. 

[Claim 3] Plasma treatment equipment according to claim 1 to 2 characterized by impressing the output of said 
RF generator of 1 to at least two or more electrodes among said two or more small electrodes, 
[Claim 4] Plasma treatment equipment according to claim 3 characterized by having an output-control means 
between two or more small electrodes connected to the RF generator and this RF generator of said 1 . 
[Claim 5] It is plasma treatment equipment according to claim 1 to 4 characterized by connecting the inside of 
said small electrode, No. even, and No. odd to the RF generator of a different frequency, respectively. 
[Claim 6] The 1st, 2nd, and 3rd small electrode which adjoins mutually is plasma treatment equipment 
according to claim 1 to 4 characterized by connecting with the 1st, 2nd, and 3rd RF generator of a frequency 
different, respectively. 

[Claim 7] Plasma treatment equipment according to claim 1 to 6 characterized by arranging a pulse modulation 
means between said RF generators and small electrodes. 

[Claim 8] The plasma treatment approach characterized by carrying out plasma treatment of the processed 
member with the plasma of a frequency which is made to generate the plasma and is different between the 
processed member arrangement section and two or more small electrodes with which the high-frequency power 
of a different frequency is impressed. 

[Claim 9] It is the plasma treatment approach according to claim 8 characterized by the inside of said small 
electrode. No. even, and No. odd impressing the output of the RF generator of a different frequency, 
respectively. 

[Claim 10] The plasma treatment approach according to claim 8 characterized by impressing the output of the 
1st, 2nd, and 3rd RF generator of a frequency different, respectively to the 1st, 2nd, and 3rd small electrode 
which adjoins mutually. 

[Claim 11] The plasma treatment approach according to claim 8 to 10 characterized by impressing the high- 
frequency power modulated in the shape of a pulse to said electrode. 

[Claim 12] The plasma treatment approach characterized by shifting the phase of the high-frequency voltage to 
impress to said two or more electrodes in the plasma treatment approach according to claim 8 to 1 1 . 
[Claim 13] The plasma treatment approach according to claim 8 to 12 characterized by setting the frequency of 
said RF to 20MHz - 500MHz. 

[Claim 14] The semiconductor device produced using plasma treatment equipment according to claim 1 to 13 
and the plasma treatment approach. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to plasma treatment equipment, and relates to the semiconductor 
device produced using suitable processors and arts to perform film deposition, etching, or surface treatment to a 
processed member and these processors, or an art. 
[0002] 

[Description of the Prior Art] In the manufacture process of a semiconductor device, processing of the thin film 
deposition using plasma energy, etching, surface treatment, etc. is indispensable, and enlargement of 
semiconductor devices, such as a liquid crystal display and a solar battery, and enlargement of the processed 
area corresponding to the demand of the improvement in a throughput, the improvement in processing speed, 
and improvement in processing quality have been an important technical problem at these plasma treatment 
processes. 

[0003] When the plasma-CVD method which is a typical fihn deposition art when the present condition of such 
plasma treatment is explained is taken for an example, as film to deposit, there are a polycrystal thin film of 
silicon, a microcrystal thin film, and an amorphous thin film typically, and there are silicon oxide film, a silicon 
nitride film, a silicification metal membrane, etc. as a compound of silicon. In order to raise the mass- 
production nature in a plasma-CVD method, it is possible to heighten high-fi"equency power or to increase a 
film production rate by making the amount of supply of material gas increase. However, in the conventional 
approach using 13.56MHz RF band RF as high-frequency power, if film deposition is performed on such 
conditions, deterioration of the membraneous quality by a lot of powder generating and powder adhering to a 
processed member, and in order [ if it lengthens, ] to cause the fall of the yield, the remarkable improvement in 
a film production rate is difficult to realize. 

[0004] As a solution of a technical problem called coexistence of such good film quality and a high film 
production rate, promising ** of the high-frequency-izing of high-frequency power is carried out. It is known 
for using the VHF band RF to which the frequency was made to increase fiirfher that reduction of plasma 
temperature and improvement in a plasma consistency can accomplish to coincidence, and it is expected that the 
quality film can be deposited more by using a VHF band RF at high speed. 

[0005] However, it is known that the effect of the standing wave which generates a VHF band RF on an 
electrode, so that the surface upper limit of an RF electrode becomes large, since wavelength is shorter than RF 
band RF will become large. Consequently, since the homogeneity within a field of the plasma worsens, when it 
is film deposition, in aggravation of the homogeneity within the field of thickness or a film property, and 
etching, aggravation of the homogeneity within the field of an etching rate will be caused. Moreover, since the 
effect of stray capacity becomes large and loss of high-frequency power other than inter-electrode becomes 
large so that a frequency becomes high, stable plasma production becomes difficult. It is difficult practically to 
perform large area processing which used the VHF band RF with the conventional equipment corresponding to 
RF band RF from these things. 

[0006] In view of such a technical problem, the technique of enabling large area processing using a VHF band 
RF is indicated by JP,2000-323297,A. Drawing 12 explains the outline of the arrangement of electrode for 
plasma production currently indicated by JP,2000-323297,A. By having the linear electrodes 21 and 22 and two 
power sources 1 1 and 12, shifting a phase mutually in the high-frequency voltage impressed to an electrode 
from each power source, and impressing to each electrode, the field strength generated from each power source 
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is compounded, and unifora^asma production also of a large area is nUKk possible. 
[0007] 

[Problem(s) to be Solved by the Invention] this invention persons performed examination detailed about the 
effectiveness of the technique of large area processing using the VHP band RF using a small electrode which is 
indicated by JP, 2000-323297, A. In drawing 12 , two cylindrical electrodes 21 and 22 consisted of stainless steel 
rods with a diameter [ of 1cm ], and a die length of 150cm, the RF electrode each other estranged 30mm was 
assumed, and it asked for the effect on the field strength distribution by the frequency of the high-frequency 
power when impressing so that it may become each cylindrical electrode with this output and an opposite phase 
about high-frequency power by electromagnetic-field count. The result is shown in drawing 13 . Under [ all / 
field / 70% of / of a before / an electric supply edge / from the feeding point / field / effective processing / it is 
making usual and a plasma treatment effective processing field into the somewhat small field instead of / from 
the feeding point to / whole / an electric supply edge /, and it sets the core from the feeding point to an electric 
supply edge as the core of a processed member here and ], Field strength distribution asked for 100 field 
strength near [ in said effective processing field ] the electrode, and was set to the (maximxmi-minimimi value) / 
(maximum + minimirai value) x2 of 100 data. It turned out that field strength distribution becomes large with 
tiie increment in a frequency. This is considered that field strength distribution became large by the increment in 
a frequency in response to the effect of the standing wave produced on an antenna electrode. In any [ to which 
such big field strength distribution introduced an opposite phase and high-frequency power in phase into two 
RF electrodes ] case, it appears notably. In the flat-surface mold coil electrode of a JIGUZAKU configuration 
with the long die length of the electrode per one, two or more expressions and complicated and uneven field 
strength distribution especially arise in the place whose trough of the field strength by the standing wave is not 
desirable. If the above uneven field strength distribution has suggested causing uneven plasma production and 
processes by such plasma, it is clear that its a problem arises in the homogeneity of processing or quality. That 
is, in order to make the uniform plasma generate, it turned out that it is necessary to take into consideration the 
effect by the standing wave depending on the frequency of the high-frequency power introduced into an RF 
electrode. 

[0008] This invention is made in view of the above-mentioned technical problem, and is to offer the plasma 
treatment equipment which enables enlargement of the processed area corresponding to the enlargement and the 
improvement in a throughput in a semiconductor device, improvement in processing speed, and improvement in 
processing quality, the plasma treatment approach, and the semiconductor device which produced using it. 
[0009] 

[Means for Solving the Problem] The 1st mode of this invention is plasma treatment equipment characterized 
by having two or more small electrodes made to generate the plasma between the processed member 
arrangement section and this processed member arrangement section, and having the RF generator which 
impresses the high-frequency power of a frequency which is different in said two or more small electrodes. A 
detail is equipped more with the processed member arrangement section and two or more small electrodes 
arranged on an abbreviation same flat surface. Make these two or more small electrodes generate the plasma by 
impressing high-frequency power from an RF generator, and are equipment which processes to the processed 
member arranged in this reaction container, and it sets to these two or more small electrodes. It is plasma 
treatment equipment characterized by impressing the high-frequency power of a frequency which is different in 
the electrode which adjoins mutually. 

[0010] The 2nd mode of this invention is the plasma treatment approach characterized by carrying out plasma 
treatment of the processed member witii the plasma of a frequency which is made to generate the plasma and is 
different between the processed member arrangement section and two or more small electrodes with which the 
high-frequency power of a different frequency is impressed. It is the plasma treatment approach characterized 
more by impressing the high-frequency power of a frequency which is different in the small electrode which 
adjoins a detail mutually in the plasma treatment equipment of the 1st mode. 

[001 1] The 3rd mode of this invention is the plasma treatment equipment which is the 1st mode, or the 
semiconductor device produced using the plasma treatment approach which is the 2nd mode. 
[0012] 

[Embodiment of the Invention] The plasma treatment equipment of this invention is juxtaposition being 
equipped with two or more small electrodes on the abbreviation same flat surface at the location which coxmters 
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a processed member, and impressing high-frequency power to these twWr more small electrodes from an RF 
generator. Generate the plasma between a processed member and two or more small electrodes, and are 
equipment which processes thin film deposition, etching, surface treatment, etc. to this processed member, and 
it sets to these two or more small electrodes. It is plasma treatment equipment characterized by impressing the 
high-frequency power of a frequency which is different in the small electrode which adjoins mutually. 
[0013] llie top view of the electrode structure of the plasma treatment equipment which drawing 1 requires for 
the gestalt of operation of this invention, drawing 2 (a), (b), and (c) are graphs which show the electric field 
strength near the electrode of this plasma treatment equipment. 

[0014] In drawing 1 , the electrode structure of plasma treatment equipment consisted of a stainless steel rod 
with a diameter [ of 1cm ], and a die length of 150cm, and is equipped with two cylindrical electrodes 21 and 22 
each other estranged 30mm. The both ends of each electrodes 21 and 22 are connected to 1st RF generator 11, 
the 1st touch-down section 31 and 2nd RF generator 12, and the 2nd touch-down section 32, respectively. The 
1st RF generator 1 1 and 2nd RF generator 12 impress high-frequency power to the electrode 21 which is one 
side, respectively, and the electrode 22 of another side. Moreover, the 1st RF generator 1 1 and 2nd RF generator 
12 differ from each other in the frequency of high-frequency power, the 1st RF generator is 50MHz and the 2nd 
RF generator is 135MHz. 

[0015] Drawing 2 (a) shows the field strength produced near this electrode 21 , when high-frequency power is 
impressed to one electrode 21 by 1st RF generator 1 1 . Moreover, drawing 2 R> 2 (b) shows the field strength 
produced near this electrode 22, when high-frequency power is impressed to another electrode 22 by 2nd RF 
generator 12. As shown in drawing 2 (a) and (b), it became the field strength distribution which changed with 
differences in a frequency. Under [ all / field / 70% of / of a before / an electric supply edge / from the feeding 
point / field / effective processing / it is making usual and a plasma treatment effective processing field into the 
somewhat small field instead of / from the feeding point to / whole / an electric supply edge /, and it sets the 
core from the feeding point to an electric supply edge as the core of a processed member here and ]. As shown 
in drawing 2 , at (a), field strength increases almost in monotone from the feeding point to an electric supply 
edge, and by (b), there is a part to which field strength falls remarkably near the electric supply edge, and, to say 
nothing of an effective processing field outside, it both becomes the field strength distribution which has a big 
ununiformity by the standing wave also [ in an effective processing field ]. 

[0016] Drawing 2 (c) is the wave which compounded the wave of drawing 2 (a) and (b). Thus, by compounding 
tiie electric field formed with the high-frequency power of a different frequency showed that the homogeneity 
of the field strength distribution in an effective processing field improved. 

[0017] It becomes possible [ controlling the amount of the high-frequency power impressed to each electrode ] 
while it impresses the high-frequency power of a frequency which is different in the electrode which adjoins 
mutually, since the plasma treatment equipment of this invention is equipped with the RF generator for said 
every small electrode. 

[0018] The ratio of the high-frequency power which should be impressed to each smallness electrode is 
calculated from the thickness distribution when impressing the high-frequency power of the conditions in each 
smallness electrode, for example, when the plasma treatment equipment of this invention which has such a 
configuration was used, or distribution of an etch rate, and it becomes possible to improve thickness distribution 
and distribution of an etch rate by impressing high-frequency power to each smallness electrode in 
consideration of the ratio which the above calculated. 

[0019] It becomes possible to improve thickness distribution and distribution of an etch rate from one RF 
generator to two or more small electrodes which impress the high-frequency power of the same frequency by 
making controllable the amount of the high-frequency power which distributes high-frequency power to each 
small electrode with a distributor, and is impressed for every frequency. Moreover, it becomes possible to 
decrease the number of RF generators by this configuration, and contributes to reduction of plant-and- 
equipment investment, or reduction of facility occupancy area. 

[0020] The 1st electrode of arbitration, the 2nd adjoining electrode and the 2nd electrode, and the 3rd adjoining 
electrode using three kinds of frequencies The frequency of the high-frequency voltage impressed to the 4th 
electrode which the frequencies of the high-frequency voltage impressed differ, does not adjoin this 1 st 
electrode, but adjoins this 3rd electrode the frequency of the high-frequency voltage impressed to this 1st 
electrode — the same — making — the uniform large area plasma treatment which reduced the effect of the 
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_ ^ 1 high frequency is used by things becon^^ossible. 

[0021] The 1st electrode of arbitration, and the 2nd adjoining electrode using two kinds of frequencies The 
frequency of the high-frequency voltage impressed to the 3rd electrode which the frequencies of the high- 
frequency voltage impressed differ, does not adjoin this 1st electrode, but adjoins this 2nd electrode the 
frequency of the high-frequency voltage impressed to this 1st electrode — the same — making — the uniform 
large area plasma treatment which reduced the effect of the standing wave produced when a high frequency is 
used by things becomes possible easily simple. 

[0022] the technique of compounding [ technique ] the field strength produced with each electrode, and 
producing uniform field strength has the width of face of an electrode fully small by impressing the high- 
frequency voltage of a frequency which is different in such a small electrode that adjoins mutually in said small 
electrode to the die length of a longitudinal direction, and the wavelength of a frequency to be used — it is 
effective if it is configurations, such as cylindrical or tabular. 

[0023] It is also effective to consider as tfie technique of reducing further the imeven electric field formed with 
each smallness electrode, and to impress the high-frequency power modulated in the shape of a pulse to each 
small electrode. In the time amount from which the high-frequency power impressed to each smallness 
electrode becomes off, plasma excitation reinforcement becomes low, and when diffusion of the radical which 
contributes to a treatment process arises, the uneven plasma formed near [ each ] a smallness electrode is eased. 
Consequently, the uniform plasma treatment covering a large area becomes possible. Moreover, in the time 
amount from which high-frequency power becomes off, since plasma excitation reinforcement becomes low 
and the polymerization reaction of a radical is inhibited, generating of powder can be reduced. 
[0024] Moreover, it is effective to adjust the phase of the high-frequency voltage impressed to each small 
electrode according to each small electrode as the another technique of reducing further the uneven electric field 
formed with each smallness electrode. Therefore, as for the plasma treatment equipment of this invention, it is 
desirable that the phase of the high-frequency voltage impressed to each small electrode is adjusted according to 
each small electrode. The phase adjustment of the high-frequency voltage impressed to each smallness electrode 
is possible by forming the phase adjuster which used capacitance and an inductance in the RF transmission line, 
or adjusting the die length of the RF transmission line. Usually, since the field strength on an electrode becomes 
large, depending on the distance between small electrodes, and the magnitude of the high-frequency power 
impressed to an electrode, and the distance of a processed substrate and an electrode, the processing speed 
according [ the part on the electrode of a processed member side ] to the plasma may become quick locally. By 
controlling a phase to both electrodes as mentioned above, by strengthening the field strength to the electrode 
which adjoins from an electrode, the field strength to a processed member can be eased and suppose that it is 
uniform. 

[0025] Since the electron density in the plasma is increased and plasma potential can be low suppressed by 
making into the range of 20-500MHz the frequency of the high-frequency voltage impressed to each smallness 
electrode, improvement in the speed of processing and improvement in processing quality become possible at 
coincidence. The frequency of the high-frequency voltage impressed to each smallness electrode here is chosen 
so that the field strength distribution by the standing wave produced on each frequency may be equalized 
according to the terminal impedance of the small electrode with which target equipment weis equipped, and its 
small electrode. 

[0026] The semiconductor device which whose plasma treatment equipment and plasma treatment approach of 
this invention can improve enlargement of the processed area corresponding to the improvement in a 
throughput, the improvement in processing speed, and processing quality in plasma treatment, such as film 
deposition in the production process of a semiconductor device, etching, and surface treatment, and was 
produced using this equipment or an approach has high performance and the advantage that it can manufacture 
cheaply. 

[0027] Although the plasma-CVD equipment which has hereafter the RF electrode with which it comes to 
arrange two or more long and slender small electrodes of two or more in a plane in one example of this 
invention explains, thereby, this invention is not limited at all. For example, configurations, such as a zigzag 
configuration, a spiral configuration, U characters, and M etc. characters, are sufficient, and arrangement of 
each smallness electrode is not limited to parallel arrangement, either. Moreover, not the thing limited to CVD 
as plasma treatment but etching can raise processing quality similarly. 
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The abbreviation sectional^^v of the plasma-CVD equipment which the schematic plan view of the 
plasma-CVD equipment used for this example for <example 1> drawing 3 at this example at drawing 4 is 
shown. This equipment is plasma-CVD equipment of the inductive-coupling mold which arranges and becomes 
so that the six rod-like small electrodes 21-26 may be mutually arranged in the reaction container 4 interior 
equipped with the gas installation means 5 and the evacuation means 6 made from stainless steel in parallel on 
the same flat surface at a plane and it may become parallel to the field of the processed member 40. The 
processed member 40 is installed on the base 3 in which a processed member is laid so that the center of the 
processed member 40 may be located in the center of abbreviation of the small electrodes 21-26, as shown all 
over drawing. The small electrodes 21-26 in this example are plates with a long and slender thickness [ of the 
shape of a straight line made from stainless steel / of 2nmi ], and a width of face of lOnun, and one die length is 
150cm and is arranged in 40mm pitch. RF generators 11-16 adjustable in a frequency are connected to the end 
of each small electrodes 21-26 through the adjustment machines 71-76 at each, and the frequency and high- 
frequency power which are impressed to each small electrode are made controllable according to the individual. 
In this example, although the frequency adjustable RF generator was used, the RF generator of the frequency 
immobilization from which a frequency differs may be used. Moreover, another edge of each small electrode is 
connected to the touch-down section. In this example, the amorphous silicon thin film was produced using the 

following film production conditions. 
««ta88« : if (2 0cmX8 0cmft) 

:SiH4 ISOOsccm 

H2 1 8 0 0 s c cm 

mSM&: 2 cot: 

ismitmi] : 6 0 ow 

Xffi* : 1 0 P a 



High-frequency power with a frequency of 150MHz is impressed to 21 and 24 among two or more small 
electrodes 21-26 arranged in a plane to a processed member, high-frequency power with a frequency of 50MHz 
is impressed to 22 and 25, and lOOMHz high-frequency power is impressed to 23 and 26. At this time, each RF 
generator adjusted 1 1-16 so that the high-frequency power impressed to each smallness electrodes 21-26 might 
become the same 600W. 

[0028] Afl:er film production processing of 1 hour, the glass substrate which the amorphous silicon thin film 
deposited was cut so that it might become ten division into equal parts from the reaction container 4 about the 
longitudinal direction of drawing and a glass substrate and might become ten division into equal parts about the 
shorter one, and 100 samples for thickness measurement were produced. Thickness distribution became 15%, as 
a result of performing thickness measurement of those sample cores and evaluating average thickness and 
thickness distribution using a level difference meter. In this example, thickness became max in the location 
corresponding to the small electrodes 201 and 204, and thickness had become min in the location corresponding 
to the small electrodes 202 and 205. In addition, the (maximum-minimum value) / (maximum + minimum 
value) x2 of 100 samples were calculated as thickness distribution. 

Thickness distribution became 13% when it adjusted so that the high-frequency power impressed to the small 
electrodes 22 and 25 might be 1.4 times the higji-frequency power impressed to the small electrodes 21 and 24 
in consideration of thickness distribution of the <example 2> example 1 , and the other conditions produced the 
film like the example 1 . 

[0029] Since the frequency of the high-frequency power switched on compared with the small electrodes 22 and 
25 was high, the plasma of high density was generated compared with small electrode 22 and 25 top, and the 
small electrodes 21 and 24 were able to be locally made into the high film production rate. Since the RF 
generator is arranged to each small electrode by the plasma treatment equipment of this invention and the 
frequency and electric energy which are impressed for every small electrode can be adjusted to it, an 
improvement of the ftirther thickness distribution is attained. 

In the example of the <example 1 of comparison> book, when it considered as the same equipment 
configuration as an example 1 and an example 2, and film production conditions, 50MHz high-frequency power 
was impressed to all the small electrodes 21-26 and lOOMHz high-frequency power was impressed, the 
thickness distribution when impressing 150MHz high-frequency power was checked. Consequently, it became 
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on the frequency of lOOM^Kuid became 63% with the frequency of l^^^z 36% 29% on the frequency of 
50MHz. 

The schematic plan view of the plasma-CVD equipment used for <example 3> drawing 5 at this example is 
shown. The plasma-CVD equipment of this example is equipped with 11-13 three RF generators adjustable in a 
frequency. Equipartition is carried out by the distributor 81 tiuough the adjustment machine 71 from RF 
generator 11, and high-frequency power is impressed to the small electrodes 21 and 24. Similarly, from RF 
generator 12, through the adjustment machine 72, equipartition is carried out and high-frequency power is 
impressed to the small electrodes 22 and 25 by the distributor 82. From RF generator 13, throu^ the 
adjustment machine 73, equipartition is carried out and high-frequency power is impressed to the small 
electrodes 23 and 26 by the distributor 83. Other equipment configurations were made the same with an 
example 1, and the amorphous silicon thin film was produced using the same film production conditions as an 
example 1 . 

[0030] The frequency of RF generator 1 1 is set to 150MHz, the frequency of RF generator 12 is set to 50MHz, 
and the frequency of RF generator 13 is set to lOOMHz. At this time, it adjusted so that the high-frequency 
power impressed to each smallness electrodes 21-26 might become the same 600W. 

[0031] After film production processing of 1 hour, the glass substrate which the amorphous silicon thin film 
deposited was cut so that it might become ten division into equal parts from the reaction container 4 about the 
longitudinal direction of drawing and a glass substrate and might become ten division into equal parts about the 
shorter one, and 100 samples for thickness measurement were produced. As a result of performing thickness 
measurement of those sample cores and evaluating average thickness and thickness distribution using a level 
difference meter, 1 5% of the same thickness distribution as an example 1 was acquired. In this example, since 
the number of an RF generator or an adjustment machine is reducible compared with an example 1 , it is 
effective in reduction of the footprint of plant-and-equipment investment and a facility. 
It adjusted so that the high-frequency power of RF generator 12 impressed to the small electrodes 22 and 25 
might be 1 .4 times the high-frequency power of RF generator 1 1 impressed to the small electrodes 21 and 24 in 
consideration of thickness distribution of the <example 4> example 3, and when the other conditions produced 
the film like the example 3, 13% of the same thickness distribution as an example 2 was acquired. 
[0032] Since the frequency of the high-frequency power switched on compared with the small electrodes 22 and 
25 was high, the plasma of high density was generated compared with small electrode 22 and 25 top, and the 
small electrodes 21 and 24 were able to be locally made into the high film production rate. Since the RF 
generator is arranged for every small electrode by which the same frequency is impressed to the plasma 
treatment equipment of this invention and the electric energy impressed in frequency can be adjusted, it 
becomes improvable [ the further thickness distribution ]. Moreover, since this example as well as an example 3 
can reduce the number of an RF generator or an adjustment machine, it is effective in reduction of plant-and- 
equipment investment and facility occupancy area. 

The schematic plan view of the plasma-CVD equipment used for <example 5> drawing 6 at this example is 
shown. This equipment is plasma-CVD equipment of the inductive-coupling mold which arranges and becomes 
so that the 16 rod-like small electrodes 201-216 may be mutually arranged in the reaction container 4 interior 
equipped with the gas installation means 5 and the evacuation means 6 made from stainless steel in parallel on 
the same flat surface at a plane and it may be countering in parallel to the field of the processed member 40. The 
processed member 40 is installed on the base 3 in which a processed member is laid so that the center of a 
processed member may be located in the center of abbreviation of the small electrodes 201-216, as shown all 
over drawing. The small electrodes 201-216 in this example are the round bar of the shape of a straight line 
made from stainless steel, are 130cm in the diameter of 6mm per one, and die length, and are arranged in 40mm 
pitch. The plasma-CVD equipment of this example is equipped with RF generators 1 1 and 12 whose 
frequencies are adjustable two. Equipartition is carried out by the distributor 81 through the adjustment machine 
71 from RF generator 1 1 , and it is impressed by the small electrode group located in an odd number. Similarly, 
from RF generator 12, through the adjustment machine 72, equipartition is carried out by the distributor 82 and 
it is impressed by the small electrode group located in an even number. In this example, the amorphous silicon 
thin film was produced using the following film production conditions. 
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High-frequency power with a frequency of 135MHz is impressed to the small electrode group located in an odd 
number among two or more small electrodes 201-216 arranged in a plane to a processed member, and 50MHz 
high-frequency power is impressed to the small electrode group located in an even number. At this time, it 
adjusted so that the high-frequency power impressed to each smallness electrodes 201-216 might become the 
same 600W. 

[0033] After film production processing of 1 hour, the glass substrate which the amorphous silicon thin film 
deposited was cut so that it might become ten division into equal parts from the reaction container 4 about the 
longitudinal direction of drawing and a glass substrate and might become 30 division into equal parts about the 
shorter one, and 300 samples for thickness measurement were produced. As a result of performing thickness 
measurement of those sample cores and evaluating average thickness and thickness distribution using a level 
difference meter, thickness distribution became 18% and the effectiveness was seen also in film production of a 
large area, thus, the frequency of the high-frequency voltage with which the frequency of the high-frequency 
voltage which the frequencies of the high-frequency voltage impressed differ, and impresses the 1st electrode of 
arbitration and the 2nd adjoining electrode to the 3rd electrode with which this 1st electrode does not adjoin but 
this 2nd electrode adjoins is impressed to this 1st electrode — the same — making — things — it is — a simple 
facility — and it is possible to acquire good thickness distribution over a large area. In this example, thickness 
became max in the location corresponding to the small electrode group located in an odd number, and thickness 
had become min in the location corresponding to the small electrode group located in an even number. 
Thickness distribution became 1 5% when it adjusted so that the high-frequency power impressed to the small 
electrode group located in an even nvimber might be 1 .2 times the high-frequency power impressed to the small 
electrode group located in an odd nvimber in consideration of thickness distribution of the <example 6> example 
5, and the other conditions produced the film like the example 5. 

[0034] Since the frequency of the high-frequency power switched on compared with the small electrode group 
located in an even number was high, the plasma of high density was generated compared with the small 
electrode group top located in an even number, and the small electrode group located in an odd number was 
able to be locally made into the high film production rate. Since the RF generator is arranged for every 
frequency and the electric energy impressed in frequency can be adjusted, it becomes plasma treatment 
equipment of this invention improvable [ the further thickness distribution ]. 

The schematic plan view of the plasma-CVD equipment used for <example 7> drawing 7 at this example is 
shown. The plasma-CVD equipment of this exEunple is equipped with the power sources 91 and 92 for a 
modulation for every RF generator, by carrying out pulse modulation of the high-frequency voltage supplied 
from RF generators 1 1 and 12, can tum on and off the high-frequency voltage impressed to each smallness 
electrodes 201-216 in the shape of a pulse, and can impress it repeatedly. In this example, 50% of duty ratio and 
lOOkHz pulse modulation were performed to the high-frequency voltage impressed to each smallness electrodes 
201-216. The timing turned on and off presupposed that it is the same with each smallness electrodes 21-24. 
Thickness distribution was 10% as a result of the other conditions* producing a film like an example 5. 
moreover, also saw generating of powder and it was not stopped. 

The schematic plan view of the plasma-CVD equipment used for <example 8> drawing 8 at this example is 
shown. The plasma-CVD equipment of this example is equipped with RF generators 1 1 and 12 whose 
frequencies are adjustable two. Equipartition of the RF oscillated from RF generator 1 1 is carried out to eight by 
the distributor 81, it is introduced to the RF track where eight small electrodes of an odd number are connected, 
and is impressed to the small electrode group located in an odd number through the adjustment machine and 
phase adjuster of an odd number which were formed in each RF track. Equipartition of the RF similarly 
oscillated from RF generator 12 is carried out to eight by the distributor 82, it is introduced to the RF track 
where eight small electrodes of an even mmiber are connected, and is impressed to the small electrode group 
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located in an even numberxHough the adjustment machine and phase aipfster of an even number which were 
formed in each RF track. The phase adjusters 101-116 which consist of the inductances and capacitance which 
were prepared in each RF track after tdcing the synchronization of the oscillator of each RF generator by the 
synchronous circuit which is not illustrated performed phase control of the high-frequency voltage impressed to 
each smallness electrodes 201-216. In this example, the phase of the high-frequency voltage which impresses 
high-frequency power with a frequency of 150MHz to the small electrode group located in an odd number, 
impresses lOOMHz high-frequency power to the small electrode group located in an even number, and is 
impressed to an odd nimiber electrode group was shifted 1 80 degrees with said phase adjuster. Thickness 
distribution was 16% as a result of the other conditions' producing a film like an example 5. 
[0035] Although the small electrode of the shape of a straight line which carried out parallel arrangement as a 
small electrode was used and high-frequency power was impressed from it being the same in this example, 
high-frequency power may be impressed from the direction which is not limited to this at all, for example, faces 
in the shape of a ctenidium. 

At <example 9> this example, the thin film solar cell was produced by forming the photo-electric-conversion 
layer which consists of an amorphous silicon thin film using the plasma-CVD equipment shown in drawing 7 . 
The abbreviation sectional view of the thin film solar cell produced in this example is shown in drawing 9 . It 
formed so that it might become about 1 -micrometer thickness about ZnO by the sputtering method as a 
transparent electrode 402 on this by 60cmx70cm, using a glass substrate with a thickness of 1 .1mm as a 
substrate 401 . Then, a substrate 401 is inserted in the interior of the reaction container of the plasma-CVD 
equipment shown in drawing 7 so that the RF electrode with which the side in which the transparent electrode 
402 was formed consists of two or more small electrodes may be countered. On the transparent electrode 132, 
the photo-electric-conversion layer was formed by producing a film in order of p mold amorphous silicon thin 
film 403 of 30nm of thickness, i mold amorphous silicon thin film 404 of 300nm of thickness, and n mold 
amorphous silicon thin film 405 of 30nm of thickness, the film production conditions of p, i, and the amorphous 
silicon thin film of each n mold are shown below. In addition, in the case of film production of i mold 
amorphous silicon thin film 404, 50% of duty ratio and lOOkHz pulse modulation are performed to the high- 
frequency power impressed to each smallness electrodes 201-216. 

film production condition high-frequency power [ of p mold amorphous silicon thin film ]: — 600W modulation 
RF: - non-material gas: - SiH4 200sccm H2 ISOOsccm B-2 H6 (% [ 2.0 ]/H2) 360sccm film production 
pressure: — lOPa frequency: — an odd number electrode group — 135MHz and an even number electrode group 
- 50MHz. 

substrate temperature: — film production condition high-frequency power [ of 200 degree-Ci mold amorphous 
silicon thin film ]: — 600W modulation RF: — ON time amount =5()microsec. off — time amount =50microsec 
material gas: - SiH4 1300SCCM H2 ISOOSCCM film production pressure: - lOPa frequency: ~ an odd 
number electrode group — 135MHz and an even number electrode group — 50MHz. 

substrate temperature: — film production condition high-frequency power [ of 200 degree-Cn mold amorphous 
silicon thin film ]: - 600 W/cm2 modulation RF: - non-material gas: - SiH4 150sccm H2 ISOOsccm PH3 (% 
[ 2.0 ]/H2) 150sccm film production pressure: — lOPa frequency: — an odd number electrode group ~ 135MHz 
and an even number electrode group — 50MHz. 

Substrate temperature: After picking out a substrate 401 from 200-degree-C reaction container, it formed as a 
rear- face electrode 406 so that it might become the thickness of 300nm about Ag by the sputtering method. The 
rear-face electrode 406 is reflecting the light which once penetrated the photo-electric-conversion layer, and 
also has the role which improves generating efficiency. 

[0036] Per glass substrate and a 10 piece xlO piece unit cell (4cm angle of electrode surface products) were 
created, and distribution of the photoelectric conversion efficiency was measured. Drawing 10 shows the 
variation when setting the average value of the photoelectric conversion efficiency in 100 unit cells to 1 . 
Except for the frequency of high-frequency power, the solar battery was produced on the same film production 
conditions as an example 9 using the plasma-CVD equipment shown in <example 2 of comparison> drawing 
13 . A frequency is set only to 135MHz and 50% of duty ratio and lOOkHz pulse modulation are performed to 
the high-frequency power impressed to each smallness electrodes 201-216. The variation in the photoelectric 
conversion efficiency in 100 unit cells produced by this example is shown in drawing 1 1 . 
[0037] The variation in the photoelectric conversion efficiency of the thin film solar cell produced using the 

http://www4.ipdLncipi.go.jp/cgi-bin/tran_web_cgi_ejje 6/1 6/2005 



JP,2003-031504,A [DETAILED DESCRIPTION] 



Page 9 of 9 



plasma-CVD equipment c^^s invention was small, and it has checkefJfet improvement in a yield could make 
by the plasma-CVD equipment and the plasma-CVD approach of this invention. 

[0038] Although the plasma-CVD equipment and the plasma-CVD approach of this invention were applied to 
the manufacture process of the thin film solar cell which uses an amorphous silicon thin film as a photo-electric- 
conversion layer in this example, the effectiveness of this invention is not restricted to this. For example, in 
etching of film production of a polycrystalline silicon thin film or an amorphous silicon thin film, or a 
poly crystalline silicon thin film etc., enlargement of the processed area corresponding to the enlargement and 
the improvement in a throughput in a semiconductor device, the improvement in processing speed, and 
improvement in processing quality are possible, and it cannot be overemphasized that the yield, dependability, 
and mass-production nature improve in plasma treatment processes, such as film deposition and etching, by this 
invention. However, it cannot be overemphasized that it is applicable to manufacture processes, such as not 
only the manufacture process of a thin film solar cell but a thin film transistor. In this invention, the firequency 
of the high-fi'equency voltage impressed to each smallness electrode is not limited to the fi-equency of each 
above-mentioned example, and it is chosen so that the field strength distribution by the standing wave produced 
on each fi-equency may be equalized according to the terminal impedance of the small electrode with which 
target equipment was equipped in short, and its small electrode. 
[0039] 

[Effect of the Invention] The plasma treatment equipment which becomes possible [ compounding the field 
strength produced with each electrode, and producing uniform field strengtii over a large area by impressing the 
high-firequency power of a firequency which is different in the electrode which adjoins mutually by this 
invention to two or more small electrodes arranged on an abbreviation same flat surface in a reaction 
container, ] is offered. 

[0040] Therefore, in plasma treatment processes, such as film production in a semiconductor device 
manufacture process, and an etching process, enlargement of the processed area corresponding to the 
enlargement and the improvement in a throughput in a semiconductor device, the improvement in processing 
speed, and improvement in processing quality are possible, consequently this invention enables it to raise the 
yield, dependability, and mass-production nature. 

[Translation done.] 
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2 6 <D-<ffi{:i(i. #^ {;ifi-g-^ 7 1-765:^ \^xm^ 

mmem •. i3^7.m>R (2 o cmx s o cm^i) 

I8:tf;^iifia : S i 1 3 00 seem 

Hi 1 8 0 0 s c cm 
W&UM'. 2 0 0*0 

: 6 0 OW 
^7.S.ti : 1 0 P a 

l~2 6(D5'<c>x 2 1 i: 2 4 (d.lijljS^ 1 5 OMH z (D 
i*i^iSffl;;^«rPn*DL, 2 2 t 2 5 tCtti^jg^S OMH z 
<Oi^jljS®;^)i|:Pn*PL. 2 3i: 2 etCfil 0 OMHzO 50 
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~i 6(i. ^'bWm2 1 — 2 6-^Pn*D^ixSitSJli6m:^i 
;j5 6 0 0 WT-I^ C t 5 J; 5 ic^S Ufc„ 

[0 0 2 8] 1 mi[(Dmm^m<D%.. y => v« 

^;i)5it^^tLfc;«'7^«*gSrS:/£S§l4 75^^SittJU. ;^ 
7;=5.««<7?5#:ferf^^^l0^:9-. Mu^:^$r 1 o^:9-t^^ 
^.t 5t-■^»bT^lf:alJ^ffl1^V7'/^^ 1 0 Ofli^tdL 

1 5%t /^ofco :*:0ijT'(i. /hWIS 2 0 1 t 2 0 4 

{c??j-i^;i-5{i«T'flIii:^5*:'c i /.c . /J^®^l 2 o 2 t 2 
1 0 o^@cD■^^>'7°y^cD {m±m-m^HM.) / (ft:*cM+ 

<^JS0iJ 2 >IIJfe0iJ 1 (73SI)i::9-^i^#It /J>®^ 2 2 *D 
<ttJ5 2 5(c^Jq-r'5ii5J^J^«;/3;i^ /h«fii2 l t 2 4(C 

mm^^ii 1 3 % t o /c„ 

[0 0 2 9] A^mM2 lioi.n2 4(±, /h^®2 2*5* 

(C/h®1l2 2^2 5 Ji(CJi-<Ti^?B^c07°7X-v;<iS^^ 

l^<^:7'7X-v*!iSig«{;i{*, ^-srO/hmiStcMLT. ii5 

^^mM.imi^^tix\^^^<DX\ co/hwu-'i: (^pn 

<H:«5«ry i >*^jT-«, mmm 1 Rx/mm9>i 2 i: 

mmf&isi:x/mmm'¥t l, /h«<i2 1-2 6o±t(c 

5 OMH z <Di*^JSfl;;'3Sr^APUfcB#, lOOMHzCO 
«iljSS;'j^PniRLfc#. 1 5 OMH z coii5J§j^fl;;'3^ 

0 MH z -e(i 2 9 %, ill jg^ 10 0 MH z 3 6 
JlJS^l 5 OMH z-e(16 3%t/iofc„ 

<3iife«»j 3 >iii 5 \z:^mmmizm.m ufcT^vx-^cvosg 
«osi&¥ffiiii&^-ro *jiJfe«^yo7'7x-^cvDSge 

isimm:^^-^^(omm^mm3-:>i i~i 3^{i^T 
v^-5o iSJi&«i!f.i i*^e.fi-a-§§7 i^^L-r^ga^s 

l(cioT^55-ie$ix. /hmffi2 ii3j;T>*2 4{ci«J^« 

^7 2^ifrLT55-ge^8 2(cioT^5>ia$tv. /hmis 

13*»t.J*. S-g-^? 3Sr^LT^)-ia^8 3{c:J:oT« 

ij-ia^ix, /hmii2 3*>it>*2 6ic^jijSt®;^7)spn*D^ 

[0 0 3 0] l^m^MW. 1 1 cDjaiS^Sr 1 5 0 MH z t 

L., mim&mM.i 2 a^m^^^ 5 OMH z 1 1.. 

«M1 3 0J1JS^^1 0 OMHz t-rSo r(7>t#, # 



( 6 ) 



2 1 ~ 2 6 ^ffiim^ti^m^^Mtiii 6 o o wt- 
[00 3 1] 1 mm<Dm^^i!km(o^^k. ^faWv-y => >n 

7:^^«<og^^rr6]^i0^5>. 1 0^5^ir7i 

(i, Hi^fisj 1 t^H:^. mm^mu'^m.'^^nmw^nm lo 

<mmm 4 >iijg^ij 3 comm-^^^^M /J^®^l 2 2 *3 
2 1 1 2 4 cipnip-r^ftj^jfemai 1 1 (ommi&mt) 

[0 0 3 2] /hmU2 1 i6i.Xf2 4(1. /J^fl;1^2 2*3j; 

TJ5 2 5^ctt;'<TftAi-5ii5«jK«;^o«^s^!^siii^^y^:«) 20 

(C/hfl;ffi2 2^2 5 Ji(Ctt:'<Tft«,S<D:/7X-^;0S^/^ 

<IIJgW 5 >|21 6 iC**Ji^iJ{C^ffl Lfc7°y X-? C VD$^ 30 
B(Olit&5]z®|llS:;^-ro :>f^mA^m5 tM?^ 

iC, 1 6*(75l$t(t<0/jN®^S2 0 1 ~2 1 6 ^(Bl— 

ffi^^:*fLT¥^t^c*)■|^i]i:>te5J;5^-SB^LT/fc2)> P# 

HI't'fCTrr-r J; 5 ir/hSU 2 0 1 ~ 2 1 6 roS&tfi:^^{r 

2oi~2i6tt^7">' uy^m^(o—m.B^(D%m-(^»> 40 

4 0mmtV^T-Kia$tl,TV^5„ ^HJfet^ijoy^ X-^ 

cvDiiB»4> m&mAi-^^(0 2-:>(Dmm^mMi i> 
m^i.tz, 50 
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msmmt : U^T^WL (e O cmX 7 O cm«) 
IB:;? XiSfi :SiH4 ISOOsccm 
H, 1 8 0 0 s c cm 

mmse.: 2 0 ot: 

: 6 0 OW 
;<fXfiE* : 1 0 P a 

^w^mn>m^m\^xw-misk\^m.wc^ix^WLW<DJbmM2 
oi~2i6o5*>, *m#-f-l-fi:B-r5/h*IS»«cii 

j^is^i 3 5MVi z (D^m^mt)^mvi\^. \^wm^-\z 

{ia-rS/hW^Ptcjis OMH z (7)«JliSffl;;'3S:Pn:ilJPi- 

S„ rfiOt^, #/h®®2 0 1 — 2 1 6--PnJP$ttSiS5 

^i6ffi;'375s 6 0 0 w-ci^ Ztti^iio \z.mm Lfc„ 

[0 0 3 3] im^o:>m.m^m<D'^. ^^Bm.'yu^^n 

5 J; 5 (c:«]»rLTMJ¥SlJ^ffl■l^V7°>'^Sr 3 0 0«^®{L 

e-rs/MiffiPtdPnspr5ii;jissm;'3<^5i. 2fgi:/i5 

[0 0 3 4] ^^s^ii&B-rs/hs^iPt*, mmm^- 
mm^^tzMcm^m^iz{iLm-r^'bmmm±i,'ti:^x 

^^:L'i:izmmf&mmiim^^tix\,^i>(Dx. mmmm 

<mmm 7 >ia 7 b;^^'? x-^ c v Dig 

#iSJ^?^mi!IS(-^Iiffl1;aS9 1, 9 25r{ix.Tfc 
iSi^iSmMl 1, 1 2 7!)^5>#t^.&$tl-Si«i^jK«iE^ 
>'NVU:^afS-rS r t J; 9 . =S■/J^«^ 201~216(C 
Bi*Pl-5i*^i^«iE5:^<>'i^;='.4>t{c;d-v • yi-y\^xl^<OM 
UeniP-rSr *lllifeMT-(4. #/|^■■;^ 2 0 

1~2 1 6(c^;«JPf -SiSJSiKSJEfw^UT, T^i-x-f 



( 7 ) 



10 



20 



—14:5 0%. 1 0 0 kH z ^^>^^V^;^^^S^^Toyb:o ir^^ 
• :^y't^^^ ^ >^{i#/J^®^2 l'-2 4 Triplet L 

<mmm sms {c^mm&n^i^m \^rz>^'7 c v 

^8 l{c:J:or Sofc^^iS^n. -gfmS^^^ 8 o(7)/h 

j:oT8otc^^ifi^^x. i^^^^(DS'^(Dyhmm^m 
m-^\ciimi^^A^mmmi^mu^ti^o ^A-'mm2o i 

"r^/hSffiS¥lcf^^j^m 1 5 OMH z <7)i^j^ift«;^S:fn 
*Db. ffiSc#-^t-{iB-r^/J^fl:^^f$(Cfi 1 0 OMH z (7) 

(^{4>fe^mjl2f4tgiiS§5(cj;oT 1 8 OSTfe Lfco ^ 

Mm&mtj : 6 0 OW 

WM:^^ :SiH4 200sccm 
Hs ISOOsccm 
BaHe (2. 0%/H2) 

SJiJ^EE;^ : 1 0 P a 

JlKm : -gf^S^a^lfflffi 1 3 5 MH z 
: 2 0 Ot: 

MM^Mt) : 6 0 OW 

^mmm^ : :t>'^m= so n s e c. 

WM^:^ :SiH4 1300SC CM 
H. 1 8 0 0 SCCM 
Mff^fS-^ : 1 0 P a 

mmm : ^wm^-mmmn i s 5 mh z 

: 2 0 0°C 

n m^^Bmi^ y ^ >»m(Dmm^i^ 

Wjm^M:h : 6 0 0 wy c m' 
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[0 0 3 5] :^mmmxit. Lxwi=rMm\^fz 
:^itmmm^mM'r^:^m>hmmmmtii:muLxh 

mfiz-r^^tx. Mm±mmm^i'fmLfzo :^mmmiiC 
:^\^^xi'^mi^fcnmxmmni(Dmwimm^m9{C7jkir, 

0 1 t LT 60cmX70c mXJ^^ 1 . 1 mm 

(D:ifyy^mu^m\^\ ::L(D±{zmmmu4 0 2 1 i^x. 
^mp^m^mA-t^o mmmmi s 2(d±{z^ ^m-s o 

nm(OpM^B^Si/y =1:^^11114 0 3, J3IJ?3 0 0 nm 
CO i y =1 VW^4 0 4 . JS® 3 0 n m(30 n S 

^B%Si/y ^V»II4 0 5cD|lli{cKflI-r5r.i:T-7feS^ 
mm^mmi^fzo p. i. nM^^(7)^B^B«v-y v» 

S?I5*4 0 4 <O$!{j^60|^tCfl, #/J^a:® 201 — 216 

TOni-^ii5;^iSS;'3fc^LT^^^-7^^-lt5 0%. i 
0 0 k H z (^)/^/^:^^ISSr^ToTv^'6o 



3 6 0 s c c m 



5 0MHz. 



ytyi^T^= 5 0 s e c 



fS^#-^«11i¥fi 5 0 MH z < 



J!S5m-;!tf >^ :SiH4 150sccm 
Hz 1800sccm 
PH3 (2. 0%/H2) 150 seem 



( 8 ) 



$tmS.tl : 1 0 P a 

m&m : "^^m^-mmmi-i i 3 s mh z 

m^Um : 2 0 O'C 
[0 0 3 6] \^<D:»yy^mm^tz.'0. 1 Ofix i 0{@ 

towiir/w {mmmmA cm-h) ^{^^l. ■?-(D3ts^ lo 

^5a^ro:5^^<Srffl'J^Lfco HI 1 0(i, 10 Oj@(OWi-fe 

^ ^ 7 ^ ^ ^ L fcb CO -C fc -5 o 

<ViMm2>m \ 3{::;T^Lfc7°7X-rC VD3^e^fflv\ 

T'*|»1;?a^f^Kb7to ^i^^lil 3 5 MHz 

#/ha^S2 0 1-21 6(c:Pn*Pi-5i«Ji&m;'3l->kt 

LTv^'^.— X-r— It 5 0%. 1 0 0 k H z 
^troTl^-S, *^iJTi^§!{L7t 1 0 0<B(DW4:-fr/Mi*^ 
^t53tm^#l^*<^)^<75'#Sr^ Hi 1 f;i*-t-o 20 
[0 0 3 7] :^^?^cO:/9X-vCVDSgeSrfflV^Tf^K 

CD 7° 7 X-v C V D ^eS. t>*7° 7 X-v C V D 

[0 0 3 8] ^f:|life^?i|T-(i, :$:%?^(D7°7X^C VDi^ 

SliiW-^aiy^Vi/^OT'^x-^^ai 
i-iiffl T- # 5 r t (im 5 * V \ V ^ T . 

[0 0 3 9] 

*D-/i«#?liS^*fe C r. i: ds^fig t /^S ^7 x-^ 

[0 0 4 0] Lfc^JoT, *M0^(;ij;i9. ^m^i^mmm so 
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m^m^mmmti 5 o mh z » 

[lllS(D(Si^/ilft0^] 

[El] ^^B^cDT'yx-rMa^atcfcj-tsiisj^Simis 
[1112] ^^m<ommx-h^^7:^-^cvDmm.oymm 
m3] :^^m(Di^<Dmmx^^y'7:^-^cvDmm 

[04] 3(s:%I^WlocOffi«T'fc57'7X-vCVD$gg 
[0 5] *^B^OSiJ(Dtefi|T'fo57'7X-^CVD$gKC0 
[06] *^!^W$P>(CgiJ(Dli«-ffe.57'7X-vCVD 

[IDS] *%I^CD$e,{;:glJ©««|T-fc57'7X-^CVD 

[ID 9 ] ^mm<D^mt^mmxh^Mimxmmm(Dmwi 

BI2l$:^i"„ 

[01 01 *l8§^©^7X-^CVD;^j£lCii9f^»|Lfc 

mil] 'i}tM(D^yx-^cvDiyma^)i^mi-tim 

[HI 21 m^(D-:fy:^^immm^ii^-^^Mm^Wm 
[HI 3] ti63fe(07"7X-r«L@iygaf;i4B{tS«#5ii^:9- 

1 1 ~ 1 6 nm^mm. 

21~26, 201~216 'bW^ 

3 St*Q.s^*tia^a5 

4 KJ^:^^ 

6 

71~76. 701~716 fi-^SS 

8 1 ~ 8 3 

9 1.92 ^mmmm. 

1 0 1 ~ 1 1 6 {uM^^m 
31~36. 301~316 

4 0 

4 0 1 ■f}y:^m^ 
4 0 2 j®?^®^ 



1 

4 0 3 pm^^mWi^V 

4 04 iM^^^^gv^y^V 
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4 05 nM^S 
4 0 6 M^W.' 
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